Concentrations of arabinitol, mannose, and mannan in serum have independently been reported to be elevated in patients with invasive candidiasis. These three marker substances were compared in a rabbit model. Twelve rabbits, immunosuppressed with cortisone, were infected intravenously with Candida albicans 3181A. Six uninfected control animals also received cortisone, and four rabbits were neither infected nor immunosuppressed. Blood samples, drawn from 2 days before to 14 days after infection, were assayed for serum mannan by sandwich enzyme immunoassay, antibodies to mannan by indirect enzyme immunoassay, arabinitol and mannose by gas-liquid chromatography, and serum creatinine. Serum mannan, negative before infection, peaked in all infected animals 4 days after infection (mean, 18 ng/ml) and decreased thereafter. Significant increases (2 standard deviations greater than mean in normals) in arabinitol, the arabinitol/creatinine ratio, and mannose were found in 12, 8, and 12 of the infected rabbits, respectively, but also in all 6 uninfected animals receiving cortisone. Only serum mannan was specific in this immunosuppressed rabbit model. Disseminated candidiasis is an important cause of morbidity and mortality in immunosuppressed patients, especially those with leukemia. Autopsy data have shown that the incidence can be as high as 34% (20). Increasingly aggressive chemotherapy results in prolonged neutropenia and increased susceptibility to infection. Because of immunosuppression, tests for antibody to Candida species are often falsely negative among leukemic patients (5, 7, 9, 19) . However, colonization with Candida species often gives positive results in conventional serological tests. Because of these shortcomings, considerable attention has been directed to tests based on the direct detection of Candida antigens or metabolites in body fluids. Among these, three methods have independently been described; enzyme immunoassay (EIA) or radioimmunoassay for the detection of mannan (8, 13, 16, 21, 22, (24) (25) (26) , gas-liquid chromatography (GLC) for the detection of arabinitol (1, 4, 11, 23, 28, 29) , and GLC detection of mannose (15, 17, 18 arabinitol and mannose concentrations in the serum of uninfected rabbits.
Disseminated candidiasis is an important cause of morbidity and mortality in immunosuppressed patients, especially those with leukemia. Autopsy data have shown that the incidence can be as high as 34% (20) . Increasingly aggressive chemotherapy results in prolonged neutropenia and increased susceptibility to infection. Because of immunosuppression, tests for antibody to Candida species are often falsely negative among leukemic patients (5, 7, 9, 19) . However, colonization with Candida species often gives positive results in conventional serological tests. Because of these shortcomings, considerable attention has been directed to tests based on the direct detection of Candida antigens or metabolites in body fluids. Among these, three methods have independently been described; enzyme immunoassay (EIA) or radioimmunoassay for the detection of mannan (8, 13, 16, 21, 22, (24) (25) (26) , gas-liquid chromatography (GLC) for the detection of arabinitol (1, 4, 11, 23, 28, 29) , and GLC detection of mannose (15, 17, 18) . Although all three techniques seem promising, their sensitivities, specificities, and predictive values have not been compared in immunosuppressed animals or humans. Furthermore, it has not been determined whether mannose accumulates in renal insufficiency, as is the case for arabinitol (28) . Because invasive candidiasis results in renal insufficiency (29) , it must be determined that increases in arabinitol and mannose are not an effect of decreased renal function rather than an effect of candidiasis. The goals of the present study were therefore as follows: (i) to quantitate and compare the in vitro production of mannan, arabinitol, and mannose by Candida albicans 3181A; (ii) to compare the appearance of these three substances in immunosuppressed rabbits experimentally infected with C. albicans 3181A; and (iii) to These assays were performed as previously described (2, 12, 22) . In the GLC method, the minimum sensitivity was 0.1 ,ug/ml and the mean coefficient of variation within the concentration range from 0.39 to 50 p.g/ml was 10 Disseminated candidiasis in the immunosuppressed rabbit. The survival of the 12 infected rabbits, as well as the results of our assays for serum mannan and mannan antibodies, are shown in Fig. 3 . Serum mannan, uniformly undetectable before infection, peaked in all infected animals 4 days after infection and ranged from 4.2 to 66.3 ng/ml. Mannan antibodies, also negative before infection, began to rise 2 days after infection and coincided with decreasing serum mannan. All 12 animals showed antibodies to mannan. The range of peak reciprocal antibody titers was 64 to 1,024, and the mode was 256. Control animals had no detectable serum mannan or antibody to mannan.
Renal insufficiency (creatinine in serum greater than 2 mg/ dl) appeared in 7 of the 12 infected animals (range, 2.2 to 8.1 mg/dl). Six of these seven animals died before the end of the experiment, whereas four of the five animals without renal insufficiency survived for 14 days after infection.
The results of the assays for mannose in serum, adjusted for renal function, are shown in Fig. 4 . The infected animals had significantly increased (P < 0.05) concentrations compared with the nonimmunosuppressed, uninfected rabbits from 2 to 14 days after infection. However, noninfected animals receiving cortisone acetate also had significantly increased concentrations of mannose (P < 0.05). Ten days after infection, infected animals had greater concentrations (P < 0.05) of this substance than did uninfected animals receiving cortisone.
The arabinitol/creatinine ratios are shown in Symbols: 0, loglo CFU/ml; 0, optical density at 550 nm; *, mannan in uninoculated (
) and inoculated (---) media; 0, arabinitol in uninoculated ( ) and inoculated (---) media; A, mannose in uninoculated (
) and inoculated (---) media.
animals receiving cortisone had significantly increased ratios (P < 0.05) compared with the uninfected, nonimmunosuppressed rabbits. Overall, sensitivities (percentage of infected animals having a positive test on any day of the experiment) were mannan, 100%; arabinitol/creatinine ratio, 67%; adjusted mannose, 100%. Specificities, taking into account falsepositives on any day of the experiment, in uninfected animals receiving cortisone were mannan, 100%; arabinitol/ creatinine ratio, 0%; adjusted mannose, 0%.
Cultural and histopathological evidence of disseminated candidiasis was obtained at autopsy in all infected animals. Infected kidneys were greatly enlarged with multiple microabscesses. The average kidney weight was 27.0 g, compared with 11.1 g in uninfected animals receiving cortisone. Kidneys yielded 5.2 x 104 to 3.2 x 106 CFU of C. albicans per g, whereas the livers contained 1.1 x 102 to 4.8 x 104 CFU/g. A progressive decrease in renal viable counts was observed between 5 and 14 days after infection.
Lesions in the kidneys of infected rabbits were similar to those described previously by others (10, 14, 27) . Because the histological findings in the kidneys of each rabbit were similar, they will be described together.
At 7 to 14 days after infection, there was partial effacement of normal renal architecture by multifocal and confluent abscesses that contained abundant neutrophils mixed with typical blastoconidia, pseudohyphae, and hyphae of C. albicans. Abscesses appeared to begin in the interstitium of the cortices from fungal elements originating in intertubular blood vessels and capillary tufts of glomeruli. Renal abscesses in rabbits that survived for 14 days after infection were commonly rimmed by loose aggregates of epithelioid cells, tion to these lesions, an interesting finding was the presence of blastoconidia and pseudohyphae in the hepatic blood vessels of one rabbit and blastoconidia within the Kupffer cells of two rabbits.
Culture and histopathology of the kidneys and livers in control animals showed no evidence of infection. However, the average kidney weight was greater in uninfected animals receiving cortisone (11.1 g) than in those that were not immunosuppressed (8.5 g ). Stool cultures of uninfected rabbits receiving cortisone acetate or no immunosuppression showed an absence of growth of any Candida species or other yeasts.
GLC-MS. Selected sera were examined by GLC-MS to confirm the identity of the arabinitol and mannose peaks. This confirmation was especially important because ribitol and xylose could not be resolved from arabinitol on a column packed with OV-225 (2, 15). However, these three substances were separated on the GLC-MS system equipped with an SE-54 capillary column. Total ion monitoring of per-0-acetylated aldononitrile derivatives was done on sera from bilaterally nephrectomized uninfected rabbits, uninfected rabbits receiving cortisone, and infected rabbits receiving cortisone and on serum in which C. albicans had been grown in vitro. Xylose was not detected in any of these samples, and the concentration of ribitol was less than 5% of the arabinitol concentration in sera from nephrectomized uninfected rabbits, uninfected rabbits receiving cortisone, and infected rabbits receiving cortisone. When C. albicans was grown in pooled normal rabbit serum, however, both ribitol and arabinitol were produced, but the concentration of ribitol was only ca. 27% that of arabinitol. (15, 17, 18) . Although all three markers have independently been detected in experimental candidiasis (4, 8, 13, 15, 21, 25, 29) , it has not been determined whether they appear in parallel. In the present report, we compared production of these three substances in growth media and in experimentally infected rabbits. An experimental model with rabbits, immunosuppressed with cortisone acetate, was used because of the difficulty in obtaining autopsy-proven human sera and to simulate the impaired immune response often found in patients with disseminated candidiasis. In addition, we evaluated the effect of renal insufficiency and cortisone acetate administration on the concentrations in serum of these three substances in uninfected control animals.
When C. albicans 3181A was grown in pooled normal rabbit serum and yeast nitrogen base supplemented with 3 g of glucose per liter, only mannan appeared in both media. The effect of morphology of C. albicans (blastoconidia or pseudohyphae) on the amount of solubilized mannan is unknown and would be interesting to determine in future studies. Arabinitol was produced in normal rabbit serum but not in the yeast nitrogen base medium, whereas mannose was not detected in either medium. These results are consistent with those of Wong et al. (29) , who demonstrated production of arabinitol in pooled normal rat serum by C. albicans B311, and those of Bernard et al. (1) , who showed that the range of arabinitol concentrations in yeast nitrogen base supplemented with 3 g of glucose per liter can be quite variable (0.36 to 51.9 pLg/ml). However, the absence of detectable mannose production disagrees with the findings of Monson and Wilkinson (18) and may be due to differences in growth media and in the strains of C. albicans used or may suggest that the detection of increased mannose concentrations in vivo depends on previous metabolism of mannan by the host. Disseminated candidiasis results in renal insufficiency (29) , and it must be ascertained that increases in arabinitol and mannose are not simply an effect of decreased renal function rather than an effect of candidiasis. It has been shown (28) that arabinitol clearance is identical to that of creatinine in serum and that the arabinitol/creatinine ratio can be used to adjust arabinitol concentrations for renal function. However, it has not been determined experimentally whether mannose also accumulates in renal insufficiency. Monson and Wilkinson (18) studied four patients with renal insufficiency, all of whom had mannose concentrations of less than 20 p,g/ml. In the present study, the results from the rabbits that had a bilateral nephrectomy confirm the earlier findings for arabinitol and demonstrate that mannose also accumulates in renal insufficiency. However, the mannose concentrations did not increase in direct proportion to VOL. 19, 1984 on October creatinine in serum,. Since mannose does not accumulate in a manner identical to arabinitol, a different means of adjusting concentrations was used, in which excess mannose attributable to renal insufficiency was substracted from the measured mannose concentration.
Infection of C. albicans in rabbits i,mmunosuppressed with cortisone uniformly resulted in disseminated candidiasis. All animals had either cultural or histological evidence, or both, of invasion by C. albicans in their kidneys and livers. The survival of the animals was prolonged compared with that observed in most similar studies on detection of serum mannan (8, 13, 21, 25) , arabinitol (4, 29) , and mannose (15) The arabinitol/creatinine ratios of control rabbit serum that received neither steroids nor yeasts increased during the course of the experiment (Fig. 5) . It is unlikely that this was the result of variation in the analytical method, because no rabbit studied before the beginning of the experiment had such a high arabinitol/creatinine ratio (22 animals (2, 15) . However, when these sugars were separated on a fused silica capillary column, ribitol and xylose could not be detected in serum of infected or uninfected rabbits receiving cortisone or in serum of bilaterally nephrectomized uninfected rabbits. These results agree with the findings of Roboz et al. (23) , who studied sera from humans with candidiasis. They provide assurance that ribitol and xylose did not contribute to the observed increases in arabinitol in animals belonging to these experimental groups. However, production of ribitol and arabinitol by C. albicans in vitro in our study contradicts these same authors, who could not demonstrate in vitro the appearance of ribitol when C. albicans was grown in human serum (23) . In the future, it would be advantageous to routinely assay arabinitol and mannose on a capillary column, which eliminates possible interference from ribitol and xylose.
Only serum mannan was found to be both a completely sensitive and specific marker of candidiasis in rabbits immunosuppressed with cortisone. Serum mannan detection by EIA has the disadvantage that immunological reagents must be prepared to do the assay but has the advantage of immunological specificity. Serum arabinitol and mannose are directly detected by GLC and do not require the preparation of antisera and enzyme conjugates. However, in our animal model they lack the specificity of the immunological test. Further studies will be needed to compare these methods in humans.
